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ABSTRACT
We have observed pigmented cytoplasmic granules, with the characteristic staining prop-
erties of lipofuscin (ceroid, "wear-and-tear") pigment, in newborn human liver. The pig-
ment is found at the periphery of the lobule in hepatocytes and some bile ductular cells. It
is acid-fast, PAS-positive after diastase digestion, slightly argyophilic and sudanophilic, and
markedly Schmorl's- and peroxidase positive in paraffin sections . Difficult to see in sections
stained with hematoxylin and eosin, the pigment can be detected in unstained sections. The
granules also resemble lipofuscin found in adult tissues, in their ultra-structural and en-
zymatic properties . They are polymorphic, contain granular material of moderate and high
electron opacity, and are delimited by a single membrane. Acid phosphatase and ß-glucu-
ronidase activities are visualized in the newborn granules, identifying them as lysosomes .
The granules also contain copper and, to a much lesser extent, iron. The accumulation of
lipofuscin pigment in lysosomes in many tissues correlates well with aging, and this process
has been interpreted as a reflection of cellular degeneration or wear-and-tear. However,
the presence of lipofuscin granules as a constant component of neonatal liver suggests that
they are not a measure of cellular senescence .
A correlation between the accumulation of lipo-
fuscin ("wear-and-tear") pigment granules and
the passage of time is established in many types of
cells (Strehler et al ., 1959; Reichel, 1968) . Al-
though the granule was originally considered to be
a single pigment, histochemical (Pearse, 1960) and
ultrastructural studies have made it apparent that
the colored cytoplasmic granule is a conglomerate
of substances that accumulate within lysosomes
(Essner and Novikoff, 1960) . These substances in-
clude a lipid that is insoluble in alcohol and
xylene, reducing substances, and acid-fast, auto-
fluorescent, argentophilic, and diastase-resistant,
periodic acid-Schiff (PAS)-positive components .
Studies of isolated pigment granules show that
they contain melanin (Siebert et al ., 1962) and
heroes (Bjökerud, 1964) . In the hepatocyte, lipo-
fuscin granules also exhibit a peroxidatic activity
that persists in paraffin-embedded tissue (Gold-
fischer et. al. 1966) .
In fetal and newborn human liver, copper has
recently been localized to cytoplasmic organelles
that resemble lipofuscin granules in their ultra-
structure (Goldfischer and Sternlieb, 1968) . The
presence of an "aging" pigment in neonatal tissue
bears on the concept that this material reflects
(Strehler, 1967) or causes cellular senescence
(Tappet, 1967) . This study was undertaken to
determine : (1) whether the newborn hepatic
granules had the staining, enzymatic, and morpho-
logical characteristics of lipofuscin, and (2)
whether such granules are regularly present in
newborn human liver .
MATERIALS AND METHODS
Light Microscopy
Liver specimens, obtained from 12 randomly
chosen necropsy examinations of newborns and
infants performed at this center, were fixed in forma-
253lin and embedded in paraffin . Sections were stained
with the standard methods for identifying lipofuscin
(Pearse, 1960) : reducing substances with Schmorl's
technique ; acid-fast substances by the Ziehl-Neelsen
procedure ; alcohol-insoluble lipid with Sudan black ;
argentophilic melanin-like material by Fontana's
silver impregnation technique; and periodic acid-
Schiff (PAS)-positive material after diastase diges-
tion. Copper was stained by a rubeanic acid proce-
dure (Goldfischer and Sternlieb, 1968) and iron by
Perls' technique.'
Paraffin sections were also rehydrated and incu-
bated for 60-90 min at room temperature for heat-
resistant peroxidase activity (Goldfischer et al.,
1966) in an alkaline modification (Novikoff and
Goldfischer, 1968) of Graham and Karnovsky's
(1966) 3,3' diaminobenzidine (DAB) medium . The
medium was made up of DAB tetrahydrochloride
(Sigma Chemical Co., St. Louis, Mo.), 20 mg ; 0.5 M
propanediol buffer, pH 10, 10 ml ; and 1-3,%o H202,
0.2 m1.2
Enzyme Cytochemistry
Four additional specimens, obtained 2-7 hr post-
mortem, were fixed in cold 3% glutaraldehyde
(Biological Grade, Fisher Scientific Co., Pittsburgh,
Pa.) in 0.1 M cacodylate buffer, pH 7.4 (Sabatini
et. al., 1963) for 3 hr. In these specimens, lysosomes
were visualized in freely floating frozen sections,
10 µ in thickness, by incubation at 37°C for acid
phosphatase activity in a Gomori (1952) medium
with /3-glycerophosphate as substrate, and for 0-glu-
curonidase activity in a pararosanilin medium with
naphthol AS-BI glucuronide as substrate (Hayashi
et al., 1964) .
Electron Microscopy
Portions of the glutaraldehyde-fixed specimens
were also diced into small (less than 1 mm3) cubes,
postfixed in 1 'c osmium tetroxide in 0.1 M phos-
phate buffer at pH 7.4 for 2 hr, and embedded in
Epon. Thin sections were mounted on copper grids
t Lipofuscin granules are often autofluorescent ; how-
ever, when they contain iron (Pearse, 1960) or
copper (Barka et al., 1964) the fluorescence is
quenched. The pigment granules in neonatal livers
did not fluoresce in ultraviolet light, presumably
because of their metallic contents.
2 In the adult liver, microbodies (peroxisomes) are
also stained in this medium when frozen sections of
aldehyde-fixed tissue are incubated at 37°C (Novikoff
and Goldfischer, 1968), When we tried this procedure
with specimens of neonatal liver, microbody staining
was not detectable in the light microscope but could
be seen in the electron microscope (Dr . Edward
Essner, personal communication) .
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TABLE I
and stained with both lead citrate (Reynolds, 1963)
and uranyl acetate .
Clinical Information
The ages, birth weights, body lengths, and periods
of gestation of the patients studied are listed in
Table I.
RESULTS
Light Microscopy
Brown pigment granules were found in all
specimens, mainly around portal triads, in hepato-
cytes and a few bile ductular cells (Fig. 1) . They
were usually small and less than 1 y in size, but
larger granules were also encountered. The
granules were seen more readily in unstained slides
than in hematoxylin-eosin preparations . Generally
acid-fast (Fig. 2), the pigment contained PAS-
positive material that resisted digestion with dia-
stase. Argentophilic material (Fig. 3) and Sudan-
positive lipid (Fig. 4) were present in some granules
(Fig. 4). Occasionally, the pigment granules
were iron-positive; however, iron was present
mainly in nonparenchymal cells. Patterns of stain-
ing varied among the cases, indicating that the
granules varied in composition . The largest num-
ber of granules were evident in preparations
stained for reducing substances with the Schmorl
technique (Fig. 5) and for peroxidase activity in an
alkaline DAB medium (Fig. 6). Many of the
granules stained for copper with rubeanic acid
Patient
Birth
weight
Gestation Age
Body
length
e reL ce,
1 600 33 :3 hr 31
2 720 30 hr 31
3 750 36 hr 32
4 850 28 10% hr 37
5 940 26 14 hr 32
6 1040 26 3 days 34
7 1100 28 30 hr 36
8 1100 28 1 day 36
9 1500 30 55 hr 40
10 1770 30 6 hr 44
11 2320 37 7 hr 47
12 2940 43 Stillborn 55
13 3650 40 7% hr 52
14 3580 38 1 month
15 2353 40 1 month
16 2210 38 2 monthsFIGURE 1 Section of epoxy-embedded newborn human liver, stained with toluidine blue . Cytoplasmic
pigment granules (arrows) are found mainly at the periphery of the lobule around portal triads . Patient
No. 13. X 600.
FIGURE 2 Acid-fast material is present in many of the pigment granules (arrows) . p, portal zone . Par-
affin section stained by the Ziehl-Neelsen procedure . Patient No. 1. X 600.
FIGURE 3 Argentophilic components of the pigment granules (arrows) are stained by the Fontana sil-
ver impregnation procedure. Paraffin section . Patient No. 1. X 1000.
FIGURE 4 Alcohol-insoluble lipids are visualized in some granules (arrows) . Paraffin section stained with
Sudan black. Patient No. 13. X 1200.
255FIGURE 5 All granules are stained by Schmorl's procedure for demonstrating reducing substances . Cells
around central veins (cv) are free of pigment. p, portal zone. Paraffin section. Patient No. 9. X 400.
FIGURE 6 Peroxidase activity that survives paraffin embedding is visualized in the pigment granules by
incubation in a DAB medium. Erythrocytes (rbc) also are stained by this procedure . Patient No. 3. X
500.
(Fig. 7) . The number of pigment gpanules de-
creased with increasing postnatal age, and very
few granules were seen in a 2-month-old infant. In
this specimen, the pigment was concentrated
around central veins, and copper staining was
barely evident.
In size and intracellular distribution, the pig-
ment granules (Fig. 8) resembled lysosomes that
were made visible in preparations incubated for
acid phosphatase (Fig. 9) and ß-glucuronidase ac-
tivities. In sections incubated for hydrolase activi-
ties, unstained pigment granules were not evident,
indicating that all the granules were lysosomes.
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Electron Microscopy
The pigment granules, seen in hepatocytes
and preductular cells (Jézéquel et al ., 1965),
were polymorphic and osmiophilic (Figs. 10
and 11). They were concentrated along bile ca-
naliculi in liver cells (Fig. 10). A single limiting
membrane was occasionally preserved in these
postmortem specimens. Larger granules appeared
to contain aggregates of very dense material,
whereas smaller granules were more heterogene-
ous.FIGURE 7 Copper is localized to the pigment granules in paraffin sections stained with rubeanic acid .
The granules are seen in cells clustered around a partal vessel (p) . Patient No. 1. X 350.
FIGURES 8 AND 9 Lysosomes, made visible in a frozen section incubated for acid phosphatase activity
(Fig. 8 ; Patient No. 3), are similar in size and distribution to the pigment granules stained with Schmorl's
technique, on a paraffin section (Fig. 9; Patient No. 9) . The pericanalicular concentration of the gran-
ules is evident in both preparations . X 1000.
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257FIGURE 10 Electron micrograph of newborn human liver. Polymorphic pigment granules containing
clumps of highly electron-opaque material are seen in two hepatocytes along the bile canaliculus (BC). A
single limiting membrane (arrow) is sometimes preserved . Mitochondria (M) are swollen in this specimen
fixed 7 hr postmortem . (ER) endoplasmic reticulum . Patient No. 2. X 20,000.
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THE JOURNAL OF CELL BIOLOGY • VOLUME 42, 1969FIGURE 11 Pigment granules containing large clumps of dense material are also seen in two bile ductule
or preductule (Duct of Hering) cells. The arrow points to a limiting membrane . Patient No. 2. (BD) bile
ductule, (M) mitochondrion. X 25,000.
DISCUSSION
The finding of pigment granules in all 16 speci-
mens, obtained from infants varying in gestational
age from 26 to 43 wk and in birth weight from
600 to 3580 g and in age up to 2 months, indicates
that they are constant components of fetal and
newborn liver. The pigment granules were
Schmorl's-, PAS- and peroxidase-positive, and
they were to a lesser extent acid-fast, sudanophilic,
and argyrophilic. They were identified as lipo-
fuscin by these staining reactions . Electron micros-
copy showed the newborn pigment to resemble
lipofuscin pigment granules of adult tissues (see,
for example, Fig. 25 in Biava, 1965, and Fig . 2 in
Hartroft and Porta, 1965) . However, they con-
tained few of the rounded, moderately dense,
lipid-like inclusions that are common in the adult
granules. Pigment granules, similar to those we
have identified, are illustrated in an ultrastructural
study of bile ducts and hepatocytes of infants with
biliary atresia (Hollander and Schaffner, 1968).
In very small fetuses (5-150 g in weight and 4-21
cm in length), Picardi, Gardiol, and Gautier
(1968) have noted the presence of dense cyto-
plasmic granules in hepatocytes, ductular, and
intermediate cells at the periphery of the lobule.
Essner and Novikoff (1960), in a study of the
liver, showed that lipofuscin granules are lyso-
somes, and this has since been confirmed in
neurons (Samorajski et al., 1964), heart mus-
cle (Jamieson and Palade, 1964; Goldfischer et
al., 1966), mammary gland (Miyawaki, 1965),
interstitial cells of testis (Frank and Christensen,
1968), and liver (Goldfischer et al., 1966). The
presence of acid phosphatase and ß-glucuronidase
also characterized the neonatal pigment granules
as lysosomes. The contents of the lipofuscin gran-
ules are believed to be mainly the undigested resi-
due of lysosomal hydrolysis (for discussion, see
de Duve and Wattiaux, 1966 ; Goldfischer et al.,
1966; Frank and Christensen, 1968) .
Pearse (1960) has stressed that lipofuscin, ceroid
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(Jayne, 1950) are essentially the same, encom-
passing similar lipid and nonlipid components that
differ only in the degree to which they are oxi-
dized. The oxidation of pigment precursors is
probably catalyzed by metals or metalloproteins
that are contained within lysosomes (Hartroft and
Porta, 1965; Goldfischer et al., 1966) . Administra-
tion of copper to rats results in the formation of
hepatic lipofuscin granules that contain the metal
(Barka et al., 1964; Goldfischer, 1967) . Lipofuscin
granules are abundant in the livers of patients with
advanced Wilson's disease, a disorder of copper
metabolism (Sternlieb and Scheinberg, 1963), and
in these individuals the metal is also present in the
pigment granules (Goldfischer and Sternlieb,
1968). In fetal and newborn livers, copper concen-
trations are 10 times higher than in adults (Brück-
mann and Zondek, 1939), probably reflecting the
elevated levels of copper in maternal blood
(Scheinberg et al., 1954) . Serum copper increases
continuously during pregnancy, reaching its
highest level during the last month of gestation
(Dokumov, 1963) . Hepatic copper levels in infants
remain elevated for several months (Brückmann
and Zondek, 1939 ; Dokumov, 1968) ; how long the
pigment granules persist has not yet been studied .
A correlation between age and the accumulation
of lipofuscin has been demonstrated in heart
muscle (Strehler et al., 1959 ; Munnell and Getty,
1968), brain (Reichel et al ., 1968), adrenal cortex
(Samorajski and Ordy, 1967 ; Reichel, 1968), kid-
REFERENCES
BARKA, T., SCHEUER, P. J ., SCHAFFNER, F., and
POPPER, H. 1964. Structural changes of liver cells
in copper intoxication. AMA Arch. Pathol. 78:331 .
BACHMANN, K. D. 1953. Uber das Lipofuscin der
Leber. Virchow's Arch . 323:133.
BIAVA, C. 1965. Electron microscopic studies on
periodic acid-Schiff positive nonglycogenic struc-
tures in human liver cells . Amer. J. Pathol. 46:435.
BJÖKERUD, S. 1964. Isolated lipofuscin granules. A
survey of a new field. In Advances in Gerontologi-
cal Research . B. L. Strehler, editor . Academic
Press Inc., New York. 1 :257.
BRUCKMANN, G., and ZONDEK, S . G. 1939. Iron,
copper and manganese in human organs at various
ages. Biochem. J. 33:1845.
DE DuvE, C., and WATTIAUX, R. 1966. Functions of
lysosomes. In Annual Review of Physiology . V. E.
Hall, A. C. Giese, and R. R. Sonnenschein,
260 THE JOURNAL OF CELL BIOLOGY • VOLUME 42, 1969
ney, testis, ovarian macrophages (Reichel, 1968),
and liver (Bachmann, 1953) . However, Ehrlich
et al. (1960) have noted the occurrence of the
pigment in livers of adolescents and point out
that this is not consistent with the wear-and-tear
concept. The presence of lipofuscin and copper in
neonatal hepatic lysosomes suggests that the ac-
cumulation of lipofuscin is a function of the metab-
olites that are sequestered within lysosomes and
not the result of biological "aging," an ill de-
fined phenomenon. In the absence of any evi-
dence that the pigment is harmful to the cell, it
would be preferable not to refer to lipofuscin as
wear-and-tear pigment since this designation may
imply cellular degeneration. Although "womb-to-
tomb" pigment is correct in a temporal sense,
"sequestered-and-undigested" better describes the
nature of lipofuscin.
This work was supported by United States Public
Health Service Grants No . NB 06856, AM 07840,
and HD 00674. We wish to thank Dr . Joseph Ehrlich
of the Bronx-Lebanon Hospital Center and Dr .
Lawrence Gartner of the Albert Einstein College of
Medicine for obtaining the specimens used for en-
zyme cytochernistry and electron microscopy . We
are grateful to Mrs. Bernice Schiller and Mr. Paul
Delany for their excellent technical assistance, Miss
Honora Rooney for typing the manuscript, and Mr .
Jack Godrich and Miss Marianne Van Hooren for
preparation of the photomicrographs.
Received for Publication 3 December 1968, and in revised
form 24 February 1969.
editors. Annual Reviews, Palo Alto, California .
28 :435.
DOKUMOV, S. I. 1968. Serum copper and pregnancy .
Am. J. Obstet. Gynecol. 101:217.
EHRLICH, J . C., NOvIKOFF, A. B., PRATT, R., and
ESSNER, E. 1960. Hepatocellular lipofuscin and
the pigment of chronic idiopathic jaundice. Bull.
N.Y. Acad. Sei. 36:488.
ESSNER, E., and NovIKOFF, A. B. 1960. Human
hepatocellular pigments and lysosomes . J. Ultra-
struct. Res. 3 :374.
FRANK, A. L., and CHRISTENSEN, A . K. 1968. Lo-
calization of acid phosphatase in lipofuscin gran-
ules and possible autophagic vacuoles in interstitial
cells of the guinea pig testis . J. Cell Biol. 36:1 .
GOLDFISCHER. S. 1967. Demonstration of copper and
acid phospbatase activity in hepatocyte lysosomes
in experimental copper toxicity . Nature. 215:74.
GOLDFISCHER, S., and STERNLIEB, 1. 1968. Changesin the distribution of hepatic copper in relation to
the progression of Wilson's disease (Hepatolenticu-
lar Degeneration) . Amer. J. Pathol. 53:883.
GOLDFISCHER, S., VILLAVERDE, H., and FORSCHIRM,
R. 1966. The demonstration of acid hydrolase,
thermostable reduced diphosphopyridine nucleo-
tide tetrazolium reductase and peroxidase activi-
ties in human lipofuscin pigment granules . J. His-
lochem, Cytochem. 14:641 .
GoMoRI, G. 1952. Microscopic Histochemistry,
Principles and Practice . University of Chicago
Press, Chicago.
GRAHAM, R . C., and KARNOVSKY, M. J. 1966. The
early stages of absorption of injected horseradish
peroxidase in the proximal tubules of mouse
kidney : ultrastructural cytochemistry by a new
technique. J. Histochem . Cytochem. 14:291.
HARTROFT, W. S., and PORTA, E. A. 1965. Ceroid.
Amer. J. Med. Sci. 250:324.
HAYASHI, M., NAKAJIMA, Y., and FISHMAN, W . H.
1964. The cytologic demonstration of ß-glu-
curonidase employing naphthol AS-B1 glucuronide
and hexazonium pararosanilin ; a preliminary
report. J. Histochem . Cytochem. 12:293.
HOLLANDER, M., and SCHAFFNER, F. 1968. Electron
microscopic studies of biliary atresia. I. Bile duc-
tular proliferations . II. Hepatocellular alterations.
Amer. J. Dis. Children. 116:49; 67.
JAMIESON, J. D., AND PALADE, G. E. 1964. Specific
granules in atrial muscle cells . J. Cell Biol. 23 :151.
JAYNE, E. P. 1950. Cytochemical studies of age pig-
ments in the human heart . J. Gerontol. 5:319.
JéZéQUEL, A.-M., ARAKAWA, K., and STEINER,
J. W . 1965. The fine structure of the normal neo-
natal mouse liver. Lab. Invest. 14:1894.
MIYAWAKI, H. 1965. Histochemistry and electron
microscopy of iron containing granules, lysosomes
and lipofuscin in mouse mammary glands. J. Nat.
Cancer Inst . 34 :601.
MUNNELL, J. F., and GETTY, R . 1968. Rate of accu-
mulation of cardiac lipofuscin in the aging canine .
J. Gerontol. 23:154.
NOVIKOFF, A. B., and GOLDFISCHER, S. 1968. Vis-
ualization of microbodies for light and electron
microscopy. J. Histochem. Cytochem. 16:507.
PEARSE, A. G. E. 1960. Histochemistry, Theoretical
and Applied. Little Brown & Co., Boston.
PICARDI, R.. GARDIOL, D., and GAUTIER, A. 1968.
Etude de la cholangeogénèse chez le foetus humain.
I. Aspects ultrastructuraux et classification des
divers types cellularies épithéliaux recontrés dans
les régions périportales. II. Aspects histologiques
et ultrastructuraux de la génèse des canaux biliares
intrahépatiques . Z. Zellforsch. 84:311 ; 319.
REICHEL, W. 1968. Lipofuscin pigment accumula-
tion and distribution in five rat organs as a func-
tion of age. J. Gerontol. 23 :145.
REICHEL, W., HOLLANDER, J., CLARK, J. H., and
STREHLER, B. L. 1968. Lipofuscin pigment accu-
mulation as a function of age and distribution in
rodent brain. J. Gerontol. 23 :71.
REYNOLDS, E. S. 1963. The use of lead citrate at high
pH as an electron-opaque stain in electron micros-
copy. J. Cell Biol. 17:208.
SABATINI, D. D., BENSCH, K., and BARRNETT, R. J.
1963. Cytochemistry and electron microscopy .
The preservation of cellular ultrastructure and
enzymatic activity by aldehyde fixation . J. Cell
Biol. 17:19.
SAMORAJSKI, T., and ORDY, J. M. 1967. The histo-
chemistry and ultrastructure of lipid pigment in
the adrenal glands of aging mice. J. Gerontol.
22:253.
SAMORAJSKI, T., ORDY, J. M., and KEEFE, J. R.
1964. The fine structure of lipofuscin age pigment
in the nervous system of aged mice. J. Cell Biol.
26:779.
SCHEINBERG, 1. H., COOK, C. D., and MURPHY,
J. A. 1954. The concentration of copper and ceru-
loplasmin in maternal and infant plasma at
delivery. J. Clin. Invest. 33:963.
SIEBERT, G., DIEZEL, P. B., JAHR, K., KRUG, E.,
SCHMITT, A., GRUNBERGER, E., and BOTTKE, 1.
1962. Isolierung and Eigenschaften von Lipofuscin
aus Herzgewebe des Menschen. Histochemie. 3:17.
ST_.RNLIEB, I., and SCHEINBERG, 1. H. 1963. The
diagnosis of Wilson's disease in asymptomatic
patients. J.A .M.A. 183:747.
STREHLER, B. L. 1967. Cellular Aging. Annals N.Y.
Acad. Sci. 138 :661.
STREHLER, B. L., MARK, D. D., IVIILDVAN, A. S.,
and GEE, M. V. 1959. Rate and magnitude of
age pigment accumulation in the human myocar-
dium. J. Gerontol. 14:430.
TAPPEL, A. L. 1967. Where old age begins. Nutr.
Today. 2:2.
S. GOLDFISCHER AND J. BERNSTEIN Lipofuscin (Aging) Pigment Granules 261